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Objectives. The purpose of this study was to characterize a 
possible association between long QT syndrome and syndactyly. 
Background. Long QT syndrome causes yncope and sudden 
death from ventricular rrhythmias. Syndactyly is a developmen- 
tal disorder that causes webbing of the hands and feet. Both 
disorders can be inherited as isolated, autosomal dominant traits, 
but an association between them has not been established. 
Methods. We identified three children with long QT syndrome, 
atrioventricular (AV) block and simple syndactyly. Phenotypic 
and laboratory data were obtained from families, attending phy- 
sicians and medical records. 
Results. All patients had bilateral cutaneous yndactyly and 
were diagnosed with long QT syndrome within the 1st 2 years of 
life. Structural heart disease, particularly apatent ductus arteri- 
osus, was present in all three patients. Analysis of electrocardio. 
grams showed marked prolongation of the QT intervals with 
rate-corrected QT intervals of 633, 628 and 680 ms, respectively. 
Transient AV block was also noted. Two of the three children died 
suddenly despite treatment with beta-adrenergic blocking agents 
and permanent pacing. 
Conclusions. We postulate that these children have a new form 
of long QT syndrome associated with syndactyly and a high risk of 
sudden death. The association of syndactyly with long QT syn- 
drome may provide insight into the mechanisms underlying both 
disorders. Patients with syndactyly should be evaluated for the 
presence of long QT syndrome, and if it is found, aggressive 
treatment may be warranted. 
(J Am Coil Cardiol 1995;25:59-64) 
Long QT syndrome and syndactyly (webbing of the hands and 
feet) can be inherited as isolated traits, but the two disorders 
have not been associated. Long QT syndrome has been 
associated with congenital neural deafness in the Jervell 
Lange-Nielsen syndrome (1), but other noncardiac congenital 
anomalies have not been reported. Patients with long QT 
syndrome are at risk for syncope and sudden death from 
ventricular tachyarrhythmias. The incidence of sudden death 
in patients with inherited long QT syndrome is approximately 
l%/year (2-4). The incidence of inherited long QT syndrome 
is not known. 
Syndactyly occurs in -0.03% of births and is the most 
common congenital hand deformity (5,6). Isolated syndactyly 
can be transmitted as an autosomal dominant rait, with 
variable penetrance and expression. A family history of syn- 
dactyly is found in 10% to 40% of patients with the disorder 
(5). 
In this report we identified three children with long QT 
syndrome associated with syndactyly. Two of these children 
died of ventricular fibrillation. We postulate that these chil- 
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dren may have a previously unrecognized syndrome with an 
increased risk of sudden death. 
Methods  
We identified three children with long QT syndrome, 
atrioventricular (AV) block and simple syndactyly. Phenotypic 
and laboratory data were obtained from families, attending 
physicians and medical records. 
The QT interval was corrected for heart rate (QTc) by using 
Bazett's formula (7). Consent for use of patient records, 
electrocardiograms (ECGs) and photographs was obtained 
from all families. 
Case  Repor ts  
Patient 1 
Perinatal period and early course. Patient 1, a white male 
Korean infant, weighed 3,045 g when he was born at 40 weeks' 
gestation. There was no parental consanguinity or maternal 
teratogenic exposures. The pregnancy was uncomplicated until 
fetal heart rate decelerations were noted during labor. Eight 
hours after the infant's birth by spontaneous vaginal delivery, 
he became bradycardic (heart rate 60 beats/min). Further 
evaluation revealed bilateral cryptotia, in which the superior 
portion of the auricle was buried in the scalp, and bilateral 
syndactyly between the third, fourth and fifth fingers. The ECG 
(Fig. 1). showed sinus rhythm at an atrial rate of 125 beats/rain 
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Figure 1. Electrocardiograms demonstrating the pro- 
longed QT intervals from the three study patients: Patient 
1, QT 600 ms, QTc 633 ms1/2; Patient 2, QT 600 ms, QTc 
600 msm; and Patient 3, QT 525 ms, QTc 656 ms 1/2. The 
2:1 atrioventricular block present in Patients 1 and 2 is 
attributable to the marked abnormality n repolarization. 
LEAID U LEAD V2  
Pat ient  3 
LEAD II LE/~D V2 
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with 2:1 AV block. The QT interval was prolonged (QT 
600 ms, QTc 633 ms1/2). Echocardiography demonstrated a 
small muscular ventricular septal defect, a patent foramen 
ovale with a mild left to right shunt and a patent ductus 
arteriosus. He was discharged 7 days after birth on a regimen 
of propranolol, 1 mg/kg body weight every 6 h. 
Formal dysmorphologic evaluation was performed at age 6 
weeks. Results of a brainstem auditory evoked response hear- 
ing test performed at age 4 weeks were normal. The infant was 
considered to have long QT syndrome and bilateral partial 
cutaneous syndactyly of the hands with minor ear anomalies. 
The absence of bony fusion was documented by radiography. 
Family history. The family history was negative for struc- 
tural and electrical cardiac abnormalities or syndactyly. A
maternal uncle died of unknown cause at age 100 days. 
Electrocardiograms of the immediate family showed normal 
QTc intervals (mother 394 ms 1/2, father 405 ms 1/2, sister 
433 ms1/2). 
Later course. At age 3 to 4 months, the patient had three 
episodes of cyanosis that were without documented cardiac 
arrhythmia but thought o be secondary to torsade de pointes 
ventricular tachycardia or tracheal obstruction due to a vascu- 
lar ring. At age 4 months he received an epicardial dual- 
chamber pacemaker. The procedure was complicated by post- 
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operative pneumonia, nd he was treated with amoxicillin. One 
week later he had another episode of cyanosis requiring 
ventilatory assistance with use of a face mask. 
A second echocardiogram at age 4 months revealed a 
patent ductus arteriosus associated with pulmonary hyperten- 
sion and a small left to right shunt. Cardiac catheterization, 
performed 2 weeks later, revealed a right aortic arch with 
aberrant origin of the left subclavian artery, a patent ductus 
arteriosus and an atretic band from the left subclavian artery. 
The following day the patent ductus arteriosus and vascular 
ring were surgically repaired. After an uncomplicated recovery, 
the infant was discharged on a regimen of propranolol, 10 mg 
every 6 h. 
Subsequently the patient had normal growth with mild 
developmental delay. He had many episodes of breath olding 
associated with cyanosis. At age 6 months the ventricular 
pacemaker lead was not capturing; loss of capture was believed 
to be due to exit block, and the pacemaker was reprogrammed 
to single-chamber atrial pacing. At ages 14 and 18 months the 
syndactyly was surgically corrected. At age 20 months, the 
propranolol regimen was increased to 12 mg every 6 h to 
compensate for the patient's high intrinsic sinus rate. Six 
months later, at age 26 1/2 months, the child collapsed while 
playing in the park and was found to have ventricular fibrilla- 
tion; aggressive resuscitative fforts failed and he died. Au- 
topsy was not performed, but cytogenetic analysis of the 
parents howed no chromosomal bnormalities. 
Patient 2 
Perinatal period. Patient 2, a white male infant, weighed 
2,370 g when he was born at 37 weeks' gestation. There was no 
parental consanguinity. The mother had used ibuprofen and a 
tranquilizer early in the first trimester of pregnancy. Fetal 
distress necessitated delivery by cesarean section 11 h after 
spontaneous rupture of membranes. At 6 h the infant had an 
episode of apnea, cyanosis and bradycardia requiring oxygen 
and intermittent assisted ventilation. 
An ECG revealed long QT syndrome with a QT interval of 
600 ms, a QTc interval of 600 ms 1/2 and 2:1 AV block, with an 
atrial rate of 113 beats/rain (Fig. 1). The AV block persisted 
until day 5 after birth, then spontaneously resolved. An 
echocardiogram on the day after birth revealed a small patent 
ductus arteriosus and a patent foramen ovale but no other 
abnormality. At age 3 days the infant began a regimen of 
propranolol, 0.5 mg/kg, and the dose was increased to 1 mg/kg 
every 6 h the next day. Bilateral cutaneous syndactyly of the 
toes (2 and 3) and fingers (4 and 5) were noted. Radiographs 
of the hands and feet confirmed absence of bony fusion. 
Family history. The father had a possible history of Wolff- 
Parkinson-White syndrome and had been given medication for 
past episodes of palpitations. However, no ECGs from that 
time were available, and a recent ECG showed no pre- 
excitation. Two paternal cousins and a paternal sibling died of 
sudden infant death syndrome. There was no family history of 
Figure 2. Photograph from Patient 3 demonstrating bilateral cutane- 
ous syndactyly of the hands. Webbing ispresent between fingers 2and 
3, 3 and 4, and 4 and 5. 
long QT syndrome or syndactyly. The patient's hearing was 
grossly normal. 
Later course. At age 5 weeks the infant developed sepsis 
from a urinary tract infection. At that time his cardiac status 
was reevaluated. He had a QTc interval of 530 ms 1/2 during 
sinus rhythm and intermittent 2:1 AV block at a sinus rate of 
120 beats/min. During periods of AV block the QTc interval 
was 560 ms 1/2. The patient's family elected to proceed with a 
sympathectomy of the left stellate ganglion and thoracic gan- 
glia T 2, T 3, T 4 and T 5. He also had placement of a single- 
chamber ventricular pacemaker programmed to a rate of 
80 beats/min. Postoperatively hewas treated with propranolol, 
5 mg four times a day. Results of cytogenetic analysis were 
normal. He currently is 7 months old and has had no recur- 
rence of arrhythmia. 
Patient 3 
Perinatal period and early course. Patient 3 was a 3,478-g 
white male infant born after an uncomplicated full-term ges- 
tation by emergency cesarean section because of fetal heart 
rate decelerations. There was no maternal history of drug use 
or parental consanguinity. At birth he was noted to have 
bilateral simple syndactyly of the hands (fingers 2, 3, 4 and 5) 
(Fig. 2) and bilateral incomplete syndactyly of the feet (toes 2 
and 3). His postnatal course was otherwise uncomplicated, and 
he experienced normal growth and development. At age 2 
weeks he was noted to have a cardiac murmur, believed to be 
due to peripheral pulmonary stenosis. 
At age 3 months he was evaluated by a hand surgeon and 
was scheduled to undergo surgery to release the webs at age 18 
months. At age 14 1/2 months he was evaluated by a cardiol- 
ogist for a cardiac murmur in preparation for surgical correc- 
tion of his syndactyly. The findings of an ECG obtained at that 
time were said to be normal, although no comment was made 
on the QT interval. An echocardiogram obtained at age 16 1/2 
months howed mild left pulmonary artery branch stenosis but 
no other abnormality. During an initial syndactyly release of 
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the third web space in his hands (fingers 3 and 4) at age 18 
months, frequent premature ventricular complexes were noted 
on induction of general anesthesia (halothane). At age 24 
months, asecond syndactyly release, for the second and fourth 
web spaces of his hands, was performed; an alternate general 
inhalational anesthetic agent was used and there were no 
complications. After this procedure, an ECG was obtained 
documenting a long QT interval of 525 ms and a QTc interval 
of 686 ms 1/2 (Fig. 1). The patient was diagnosed with congen- 
ital long QT syndrome. 
Family history. The patient's family history was significant 
for episodes of palpitation i  his mother and maternal grand- 
mother, and near-syncope in a maternal unt. Both the mother 
and the father had normal ECG findings with respective QTc 
intervals of 450 mS 1/2 and 380 ms 1/2. Two paternal half-siblings 
had normal clinical findings but ECGs had not been obtained. 
There was no history of deafness in the family or patient. 
Later course. Initiation of treatment with beta-adrenergic 
blocking agents was recommended but declined. At age 27 
months, the patient collapsed suddenly while playing and 
spontaneously recovered after approximately 1 1/2 min. An 
ECG again showed a long QT interval of 520 ms, with a QTc 
interval of 604 ms 1/2. The QT interval remained prolonged, 
between 570 and 700 ms, over the next 24 h. Propranolol 
therapy was initiated resulting in transient 2:1 AV block while 
the patient was receiving a total daily dose of 2 mg/kg. The 
dose was increased to 5 mg/kg with continued intermittent AV 
block. 
Results of an electroencephalogram and cytogenetic anal- 
ysis were normal. 
Two weeks after initiation of propranolol therapy, the 
patient presented with sluggishness and disorientation. The 
propranolol dose was decreased and he underwent placement 
of an epicardial ventricular pacemaker. A 24-h ambulatory 
ECG monitor showed a predominantly paced rhythm at a rate 
of 110 beats/min, with a QT interval of 550 to 640 ms. An 
echocardiogram obtained at age 30 months was significant only 
for mild mitral regurgitation and a probable patent ductus 
arteriosus. 
At age 31 months the patient presented with infection of 
the epicardial pacemaker system. On his admission to the 
hospital, intravenous antibiotic agents were administered, but 
he remained lethargic, depressed and febrile. On the 3rd 
hospital day, he developed ventricular fibrillation, from which 
he was initially resuscitated. He was taken to the pediatric 
intensive care unit but had multiple episodes of ventricular 
tachycardia and fibrillation and ultimately died. An autopsy 
was not performed. 
Discuss ion  
We have described the occurrence of long QT syndrome 
and syndactyly in three patients. All three patients presented 
within the 1st 2 years of life and two of the three (Patients 1
and 3) died suddenly (Table 1). There is one previous report of 
a patient with long QT syndrome, postnatal second-degree AV
block and syndactyly of the hands and feet (8). This patient 
died suddenly at age 5 months. The association between these 
two conditions may provide a clue to the mechanisms under- 
lying both disorders. 
Other congenital malformations were present in these 
patients. They include patent foramen ovale (Patients 1and 2), 
patent ductus arteriosus (Patients 1 to 3), ventricular septal 
defect (Patient 1), right aortic arch with aberrant origin of the 
left subclavian artery (Patient 1), mild left pulmonary branch 
stenosis (Patient 3) and mild cryptotia (Patient 1). No consis- 
tent congenital abnormality other than syndactyly and QT 
prolongation was identified. 
Syndactyly. Syndactyly results from the failure of digits to 
separate, a condition most often affecting the toes. In complex 
syndactyly, bony union is present; in simple syndactyly, bony 
union does not occur and only a web of soft tissue and skin is 
present. Syndactyly is termed complete when the involved 
digits are united to the distal phalanx and incomplete when the 
union occurs beyond the midpoint of the proximal phalanx but 
does not extend to the distal phalanx. The pattern of syndactyly 
is bilaterally symmetric n 50% of patients, and in the hand 
most commonly involves the space between the third and 
fourth fingers (9). All patients in this report had bilateral 
simple incomplete syndactyly affecting the hands, and two 
(Patients 2 and 3) also had involvement of the feet. 
Syndactyly is associated with numerous heritable and spo- 
radic syndromes. Autosomal dominant and autosomal reces- 
sive transmission patterns have been described. Chromosomal 
abnormalities have been described for some syndromes asso- 
ciated with syndactyly (10-14). Cardiac anomalies are not 
generally a feature of these syndromes. No chromosomal 
abnormalities were identified in these patients. 
Long QT syndrome. Long QT syndrome can be acquired or 
inherited. The two inherited forms are Romano-Ward syndrome 
(15,16), an autosomal dominant trait, and Jervell Lange-Nielsen 
syndrome (1), an autosomal recessive trait associated with con- 
genital neural deafness. A disease gene for autosomal dominant 
inherited long QT syndrome has been closely linked to the 
Harvey ras-1 gene on the short arm of chromosome 11 in some 
families (17). Not all families are linked to the Harvey ras-1 gene, 
however, suggesting that at least wo distinct genes can cause this 
disorder (18). Linkage was not possible in these families because 
all the cases were sporadic. 
Possible mechanisms for the association of long QT syn- 
drome and syndactyly. It is possible that the presence of long 
QT syndrome and syndactyly in these patients occurred by 
chance, but the recognition of four patients with two uncom- 
mon disorders in a short time period suggests otherwise. 
Assuming the association of the disorders is not random, a 
genetic mechanism ay be responsible. All affected children 
were male, suggesting that one possible mode of inheritance is 
X-linked. The absence of affected family members in these 
small families, however, may point to autosomal recessive 
inheritance orto new mutation. Potential chromosomal abnor- 
malities could involve mutations in a single gene or a larger 
rearrangement (deletion or duplication), disrupting two contigu- 
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Table 1. Clinical Characteristics of Four Patients With Long QT Syndrome and Syndactyly 
Current Study 
Patient 1 Patient 2 Patient 3 Patient 4* 
Age at presentation/ Birth/M Birth/M 
Gender 
Presentation Bradycardia Apnea 
Structural heart PDA, PFO, VSD, right aortic PDA, PFO 
disease arch with aberrant left 
subclavian vein 
Family history 
Arrhythmias 
Long QT syndrome/ None 
syndactyly 
ECG 
QT (ms) 600 
QT c (ms t/2) 
Cytogenetic analysis 
Arrhythmias 
24 mo/M Birth/M 
VPCs Bradycardia 
PDA None 
Maternal uncle died suddenly SIDS in 1 paternal sibling Palpitations in mother, None 
at age 3 mo and 2 cousins grandmother; near- 
syncope in maternal 
aunt 
None None None 
640 580 150% of normal 
550t 
633 628 680 570-1 
Not done Normal Normal Normal 
AV block, VF AV block VPCs, sudden death, AV block, sudden 
AV block with beta- death 
blockers 
Syndactyly 
Type Bilateral cutaneous Bilateral cutaneous Bilateral cutaneous Bilateral complex 
incomplete 
Digits Hands (3, 4, 5) Hands (4, 5), feet (2, 3) Hands (2, 3, 4), feet (2, 3) Hands (1, 2, 3, 4, 5), 
feet (2, 3, 4, 5) 
Outcome Sudden death, age 261/2 mo Alive and well, age 7 mo Sudden death, age 271/2 mo Sudden death, age 
5 mo 
*From Reference 7.tOur estimation. AV = atrioventricular; ECG = electrocardiogram; M = male; PDA = patent ductus arteriosus; PFO = patent foramen ovale; 
SIDS = sudden infant death syndrome; VF = ventricular fibrillation; VPCs = ventricular premature complexes; VSD = ventricular septal defect. 
ous genes, each of which is responsible for one aspect of the 
phenotype. Recently, another syndrome involving cardiac and 
hand anomalies, the Holt-Oram syndrome, has been genetically 
linked to the long arm of chromosome 12, suggesting that a single 
gene can account for this complex phenotype (19). Cytogenetic 
analysis performed in two patients described here (Patients 2and 
3) and in a patient described previously (8) showed no gross 
rearrangement, but these findings do not exclude a genetic 
mechanism. 
It is also possible that epigenetic factors are responsible for 
this syndrome. Environmental f ctors, most commonly antiar- 
rhythmic drugs, are known to induce long QT syndrome. 
Teratogens causing inherited long QT syndrome have not been 
described in humans or animal models. Syndactyly may result 
from teratogenic exposure and can be produced in animal 
models using intrauterine exposure to methyl ethyl ketone or 
busulfan (20,21). There was no exposure to potential terato- 
gens in these cases. 
Implications for treatment. All four patients (three in this 
series) had bradycardia with 2:1 AV block. Atrioventricular 
block in patients with long QT syndrome has been described 
previously and is a result of excessive prolongation of repolar- 
ization rather than an intrinsic onduction abnormality (22,23). 
In three of the patients bradycardia was present prenatally, 
described as fetal decelerations, and prompted emergency 
delivery, including cesarean section in two cases. It is likely that 
the fetal decelerations represented AV block due to the 
underlying repolarization abnormality and did not result from 
umbilical cord compression or other common mechanisms of 
fetal distress. 
Three of the four patients (including Patients 1and 3 in this 
report) died suddenly, two with documented ventricular fibril- 
lation. All patients in this series were treated with beta- 
adrenergic blockers and pacemakers. The one surviving child 
(Patient 2) has also undergone l ft cervicothoracic sympathec- 
tomy. This child has never had an episode of syncope or 
ventricular tachyarrhythmia. Although antiadrenergic therapy 
(medical or surgical, or both) has been used to reduce the risk 
of malignant ventricular tachyarrhythmias in patients with long 
QT syndrome, the benefit of this therapy is unknown (2). We 
do not know if Patient 2 survived because of the cervicotho- 
racic sympathectomy, because he has a less malignant form of 
this syndrome or if he remains at high risk for sudden death. 
However, treatment with beta-adrenergic blocking agents 
alone was not protective in this small series. 
Conclusions. We identified three male children with syn- 
dactyly, long QT syndrome and a high incidence of sudden 
death. We recommend that patients with syndactyly have a 
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cardiac evaluation, including an ECG. If new patients are 
identified, they should also be screened for associated cardio- 
vascular structural malformations. The risk of sudden death in 
these patients i  high; aggressive treatment including implant- 
able defibrillators or left sympathectomy ay be warranted. 
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Foundation and the following persons for providing clinical information: 
G. Michael Vincent, MD, Katherine Timothy, James Varga, MD, Thomas S. 
Klitzner, MD, Roy A. Meals, MD, Thomas P. Carson, MD, Thomas E. Carlson, 
MD, Arthur J. Moss, MD and Jo Cope. We thank Graham Lister, MD and Paul 
Binhammer, MD for assistance in the description of syndactyly. We thank Cathy 
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